Objective To examine the effects of individual characteristics of neonates and neonatal painrelated stress on attention problems and externalizing behavior problems of toddlers born preterm, analyzing the moderating effects of the dispositional traits of temperament. Methods The sample included 62 toddlers aged 18-36 months and their mothers. The mothers were interviewed using the Child Behavior Checklist 1.5-5 for toddlers' attention and externalizing behavior problems assessment, the Early Childhood Behavior Questionnaire for toddlers' temperament assessment, and the Adult Temperament Questionnaire for their temperament assessment. The Neonatal Infant Stressor Scale analyzed the number of pain-related stress events during neonatal intensive care unit (NICU) hospitalization recorded in the medical charts. Statistical descriptive, correlation, and multiple linear regression analyses were performed. Results High neonatal pain-related stress total index, associated with toddler's temperament with less Effortful Control, and mother's temperament with high Surgency explained 23% variability of the attention problems. Otherwise, the externalizing behavior problems were explained by temperament, but not by neonatal pain-related stress. Conclusions The findings support the impact of neonatal pain experiences, and current toddlers' and mothers' temperament characterized by poorer self-regulation on attention problems in toddlers born preterm. Developmental care in the NICU and follow-up programs after discharge are recommended to promote regulated temperament of the mother-child dyads, aiming to prevent attentional problems in toddlers born preterm.
Commonly, the first developmental context of a preterm infant is the neonatal intensive care unit (NICU) because they require special care for survival. Although the NICU is considered to be an environment of care and protection for the biologically vulnerable preterm infants, it is important to note that several events characterize the NICU as a high-risk context for human development, because of many procedures that cause pain, stress, and discomfort for the vulnerable infants (Cong et al., 2017; Gorz ılio, Garrido, Gaspardo, Martinez, & Linhares, 2015) . In neonatal intensive and special care nurseries, physicians and nurses rated the perceived stress severity of 44 acute events and 24 chronic living conditions of preterm infants; they perceived all items to be stressful to infants to some degree and to be equally stressful across different postconceptional ages (Newnham, Inder, & Milgrom, 2009 ). These stressful experiences are harmful to the preterm infants because of the immaturity of the organisms to cope with these multiple aversive stimuli (Goffaux et al., 2008) .
The neonatal pain-related stress events have the potential to alter the brain microstructure and functions (Grunau, 2013) , and they present association with negative alterations in both early and later developmental outcomes (Valeri, Holsti, & Linhares, 2015) . In preterm infants, higher neonatal procedural pain was a predictor of reduced activation of the posterior frontal cortex during the neonatal phase (Bembich et al., 2016) , reduced white matter, and subcortical gray matter at the age equivalent to term birth (Brummelte et al., 2012) , altered level of hypothalamic-pituitary-adrenal (HPA) axis reactivity at 3 months of age (Mehler et al., 2015) , poorer quality of cognitive and motor development at 1 year of age , thinner cortex in cerebral regions, predominately in the frontal and parietal lobes (Ranger et al., 2013) , and reduced cerebellar volumes in specific subregions related to poorer cognition and motor/visual integration (Ranger et al., 2015) at school age. Consequently, the higher neonatal painrelated stress in the NICU also presented negative effects on the development of regulatory systems, especially on attention behavior in children born preterm (Brummelte et al., 2015 , Montirosso et al., 2012 Tu et al., 2007) . The longitudinal trajectory of the preterm infants showed that the regulatory process was affected in physiological regulation during the neonatal period, emotion regulation across the first year of age, and attention regulation during the second year of age (Feldman, 2009) .
The complex mechanisms involved in the interplay between individual and environmental factors in children born preterm must be determined to better understand the developmental pathways of this vulnerable population. Preventive interventions potentially have higher power at early ages, especially in the first 3 years of life (Shonkoff, 2010 (Shonkoff, , 2012 . A relevant advancement was the detection of a predictive model, showing that the neonatal biobehavioral reactivityrecovery responses during acute painful procedures in the NICU were associated with Negative Affectivity temperament in toddlers born preterm (Klein, Gaspardo, Martinez, Grunau, & Linhares, 2009 ). Subsequently, other predictive models also included mothers' characteristics as relevant moderators of the effect of neonatal pain-related stress on the development of infants born preterm. Low parenting stress attenuated the negative impact of neonatal distress on the Negative Affectivity temperament in infants born preterm (Voigt et al., 2013) . In addition, mothers' sensitive and nonhostile parenting behavior attenuated the effect of neonatal pain-related stress and internalizing behavior problems at 18 months of age (Vinall, Miller, Synnes, & Grunau, 2013) . Taken together, these findings showed the power of the moderating mechanisms of mothers' characteristics, buffering the negative impact of neonatal pain on child development.
Higher biobehavioral reactivity to pain and distress in preterm infants during the neonatal phase was associated with poorer self-regulation during toddlerhood . Toddlers born preterm present poorer self-regulation, with dispositional temperament traits of high perceptual sensitivity, motor activation, and high-intensity pleasure, and low cuddliness, in comparison with counterparts born fullterm (Klein, Rocha, Martinez, Putnam, & Linhares, 2013) . Temperament with high negative affective and low Effortful Control comprise a multiple-risk condition for clinical behavior problems (Burnson, Poehlmann, & Schwichtenberg, 2013; Cassiano, Gaspardo, Furini, Martinez, & Linhares, 2016; Gartstein, Putnam, & Rothbart, 2012; Klein, Gaspardo, Martinez, & Linhares, 2015) .
Attention problems are the most frequently reported behavior problem in children born preterm or with a low birth weight (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009) . The findings related to premature infant mental health outcomes through the lifespan showed high prevalence of attention problems and psychiatric disorders, such as attention deficit/hyperactivity disorder in childhood and adolescence (Vanderbilt & Gleason, 2010) . Children born preterm, in comparison with their full-term counterparts, showed higher attention problems in toddlerhood (Cosentino-Rocha, Klein, & Linhares, 2014; Klein et al., 2013; Scott et al., 2013) , worse focused attention at preschool age (Potharst et al., 2013) , a greater number of attention problems (Bul & Bar, 2012) , worse attention control (Cserjesi et al., 2012) , and more inattention and hyperactivity/ impulsivity (Johnson et al., 2016) at school age.
Therefore, there is evidence that the child developmental, physiological, emotional, and behavior reactivity-regulation process are affected by preterm childbirth status (Als et al., 2012; Feldman, 2009) , early neonatal pain exposure , and dispositional temperament traits (Cassiano, Gaspardo, Furini et al., 2016; Klein et al., 2015) . In addition, the child's regulation process could be influenced by the mothers' coregulation process (Vinall et al., 2013; Voigt et al., 2013) . A recent finding showed that high maternal Effortful Control predicted teacher-reported behavioral regulation of children at preschool age, suggesting that maternal temperament may be a contributing factor to the development of child selfregulatory competencies (Zeytinogly, Calkins, Swingler, & Leerkes, 2017) .
To the best of our knowledge, there are no studies evaluating the impact of neonatal pain-related stress and temperament of both children and mothers on attention problems of toddlers born preterm. The present study sought to advance the understanding of the impact of neonatal pain that is suffered by infants born preterm under treatment in the NICU and characteristics of the temperaments of toddlers and mothers on attention problems at toddlerhood in a sample with high biological and social risks. Thus, the main objective of the present study was to examine the effects of individual characteristics of neonates and neonatal pain-related stress on attention problems of toddlers born preterm, analyzing the moderating effects of the dispositional traits of temperament. A secondary purpose of the study was to explore the effects of the same predictors on the externalizing axis of the behavior problems of toddlers born preterm.
Method

Participants
The sample was composed of 62 toddlers born preterm, at 18-36 months of age and their mothers. The toddlers were born in a public university hospital in southeastern Brazil (Hospital of Clinics of Ribeirão Preto Medical School, University of São Paulo [HCRPMS-USP]). They were admitted to the NICU after birth, and after discharge, they were attended at a preventive multidisciplinary intervention follow-up program. The inclusion criteria were gestational age <37 weeks, very low birth weight (<1,500 g), and history of admission in the NICU. Toddlers with congenital malformation, Grade III or IV intracranial hemorrhage, mothers and toddlers with apparent cognitive impairment, or who were under the use of medication that could alter their level of consciousness, and toddlers who were on oxygen at 18-36 months of age were excluded. During the period of data collection, 199 toddlers at 18-36 months of age attended the follow-up preventive program. Of these, 71 mothers were not located and could not be invited to participate in the study on the day-appointment. Of the 128 remaining participants, 5 mothers could not participate because they presented cognitive impairments. Of the 123 remaining mothers, 3 of them refused to participate in the study, and 58 mothers agreed to participate in the study, but did not attend the appointment for the data collection. The HCRPMS-USP Research Ethics Committee approved the study, and the mothers who participated in the study signed informed consent forms before their inclusion in the study.
Instruments and Measures
Neonatal Pain-Related Stress Index The Neonatal Infant Stressor Scale (NISS) (Newnham et al., 2009 ), Brazilian version (Gorz ılio et al., 2015 , assesses the measurement, monitoring, and management of stress that accumulates during procedures in an intensive care environment. This instrument comprises a list of acute events and chronic living conditions that could be assessed retrospectively by medical and nurse charts. The acute stressful events are organized into four blocks, according to the intensity of the stress: extremely stressful, very stressful, moderately stressful, and slightly stressful. In the present study, the acute procedures classified as painful procedures were calculated according to the painrelated stress index, including the following procedures: extremely stressful (intubation, multiple attempts at intravenous insertion, eye examination, insertion of pneumothorax chest drain); very stressful (endotracheal suctioning, intravenous insertion, heel pricks, insertion of percutaneous long line, lumbar puncture, surgery, insertion of nasal continuous positive airway pressure tube); slightly stressful (blood gases sampling). The pain-related extremely stressful index, pain-related very stressful index, and painrelated slightly stressful index were calculated by summing the acute painful procedures during the NICU hospitalization. The pain-related stress total index was calculated by summing the all acute painful procedures during the NICU hospitalization.
Medical and Nurse Charts
A retrospective review of the medical and nurse charts was performed to obtain the following neonatal variables: sex, gestational age, birth weight at childbirth, Apgar score at 5th min, Clinical Risk Index for Babies-CRIB score (Cockburn et al., 1993) , length of stay in the NICU, total length of stay in the hospital, and neonatal pain-related stress index.
Toddlers' Temperament
The Early Childhood Behavior Questionnaire (ECBQ) (Putnam, Gartstein, & Rothbart, 2006) , Brazilian version (Klein, Putnam, & Linhares, 2009 ) is composed of 201 items that assess 18 dimensions of temperament in children who are 18-36 months of age. The ECBQ was applied to parents to indicate how often their children had emitted reactions in specific contexts during the previous 2 weeks, assigning a value on a Likert scale that ranged from 1 (never) to 7 (always). The dimensions of temperament were grouped by factorial analysis into a three-factor structure: Negative Affectivity (discomfort, fear, frustration, sadness, motor activation, shyness, perceptual sensitivity, and inverted score of soothability), Surgency/ Extraversion (activity level, high-intensity pleasure, positive anticipation, impulsivity, and sociability), and Effortful Control (inhibitory control, low-intensity pleasure, cuddliness, attentional shifting, and attention focusing) (Putnam et al., 2006) . For the sample of the present study, the internal consistency of factors was 0.88 for Negative Affectivity, 0.85 for Surgency, and 0.86 for Effortful Control.
Temperament of Mothers
The Adult Temperament Questionnaire (ATQ) (Evans & Rothbart, 2007) , Brazilian version (Linhares, Gracioli, Klein, & Almeida, 2012 ) is composed of 177 items that assess 13 dimensions of temperament in adults. The ATQ was applied to parents to indicate how often they had emitted reactions in specific contexts, assigning a value on a Likert scale that ranged from 1 (extremely untrue of you) to 7 (extremely true of you). The dimensions of temperament were grouped by factorial analysis into a four-factor structure: Negative Affectivity (discomfort, fear, frustration, and sadness), Surgency/Extraversion (positive affect, high-intensity pleasure, and sociability), Effortful Control (inhibitory control, attentional control, and activation control), and Orienting Sensitivity (neutral perceptual sensitivity, affective perceptual sensitivity, and associated sensitivity) (Evans & Rothbart, 2007) . For the sample of the present study, the internal consistency of factors was 0.84 for Negative Affectivity, 0.82 for Surgency, 0.80 for Effortful Control, and 0.81 for Orienting Sensitivity.
Toddlers' Behavior Problems
The Child Behavior Checklist 1.5-5 (CBCL) (Achenbach & Rescorla, 2000) , Brazilian version (Rocha, Pereira, Arantes, & Silvares, 2010) , is a screening tool that evaluates behavioral and emotional problems in children who are 18 months to 5 years of age, based on parental reports. The CBCL 1.5-5 comprises 99 items and provides seven syndromes scales, which compose two broadband scales: the internalizing behavioral problems scale (emotionally reactive, anxious/depressed, somatic complaints, and withdrawn scales) and the externalizing behavioral problems scale (attention problems and aggressive behavior scales). In addition, a total behavioral problems scale is obtained by summing up the two broadband scales. Specifically, the attention problems scale evaluates the following behaviors: concentrate, cannot sit still, clumsy, shifts quickly, and wander. The results are expressed as normalized T-scores, with classifications of normal (T < 65), borderline (T ¼ 65-69), and clinical (T ! 70). High scores indicate more disruptive behavior. This instrument has been found to have adequate content, construction, criterion, and discriminant validity (Achenbach & Rescorla, 2000) . In the present study, the externalizing behaviors problems broadband scale and the attention problems scale were considered in the analysis. Internal consistency of the CBCL scales was calculated with the data of 24 societies; mean alpha for the externalizing problems broadband scale was 0.88 and for the attention problems scale was 0.60 (Rescorla et al., 2011) . For the sample of the present study, the internal consistency for the externalizing problems broadband scale was 0.84 and for the attention problems scale was 0.67.
Socioeconomic Status
The Criteria for Economic Classification of Brazilian Association of Market Research (CECB) (Associac¸ão Brasileira de Empresas de Pesquisa, 2014) questionnaire assesses the socioeconomic level of Brazilian families, according to the following ordinal scale: A (score ¼ 35-46, high socioeconomic status [SES] level), B (score ¼ 23-34, medium-high SES level), C (score ¼ 14-22, medium-low SES level), D (score ¼ 8-13, low SES level), and E (score ¼ 0-7, very low SES level). The higher the score, the higher is the SES. This questionnaire includes questions such as, "What is the educational level of the head of household?" and "How many televisions do you have?"
Procedure
Data Collection
The mothers were invited to participate in the study, and they signed the consent form before data collection. They participated in a single face-to-face individual interview to administer the instruments (ECBQ, ATQ, and CBCL 1.5-5). Moreover, the mothers answered questions on the CECB for the evaluation of the socioeconomic level of the families. The interviews with the mothers were conducted in one session and lasted $2 hr. The data were collected in the hospital settings in the preterm outpatient clinic. Two specialized pediatric psychologists, who were trained in child psychological assessment, collected the data. The medical and nurse charts, including neonatal history and neonatal pain-related stress index, were assessed by two trained physicians who were blinded to temperament and behavioral assessments.
Data Analysis
Initially, a descriptive statistical analysis was performed using frequencies and percentages for categorical variables, and Ms, SDs, and range for continuous variables. Correlational analyses were performed to select the significant predictor variables of the toddler's attention and externalizing behavior problems outcomes. The following predictor variables were examined: gestational age, birth weight, CRIB, and Apgar at 5th min scores; pain-related extremely stressful index, pain-related very stressful index, painrelated slightly stressful index, and pain-related stress total index; the length of stay in the NICU, sex, age of toddlers, toddlers' temperament (ECBQ factor scores) and mothers' temperament (ATQ factor scores), and family socioeconomic level. The association tests between predictor and outcome variables were performed by Pearson correlation coefficient or Student's t-test, depending on the nature of the variables.
Subsequently, a multiple linear regression was performed using the enter method. The models of regression were based on statistical and theoretical reasons. Previous studies found associations between sex, the length of stay in the NICU, and the age of preterm toddlers and behavior problems ; then, these variables were controlled in the analysis. The independent and interactive effects between the predictors were tested in the regression models, aiming to examine the direct or moderator effects. A multicollinearity test was performed, accepting the variance inflation factor (VIF) < 5. First, for the moderation analysis, the predictor variables were centered to reduce the VIF, and, second, the interaction analysis was performed. The best regression models were that showed the highest explanatory power (R 2 ) and were composed of predictor variables that presented the highest statistical significance in the model. The level of significance for all tests was 5% (p .05). The data analyses were performed using the Statistical Package for the Social Sciences (SPSS, Inc., version 23.0; Chicago, Illinois, USA).
Results
Characteristics of Sample
The toddlers of the sample were born extremely or very preterm, with a mean gestational age of 30 weeks, and a mean birth weight of 1,144 g. The Apgar score at 5th min and the CRIB score indicated good vitality at birth and favorable clinical prognosis. The infants spent a mean time of 23 days in the NICU, and a mean of 54 days in the hospital. The sample presented similar distribution among male and female toddlers. The mothers were young adults at the time of childbirth.
At the day-assessment of temperament and behavior, the toddlers had a mean age of 24 months, and the mothers had a mean of 10 years of scholarship, which represents high-school. The predominant socioeconomic level of the sample was C level (59%), followed by B (38%), and D (3%) levels; then, the toddlers were mostly from medium-to low-income families.
Neonatal Pain-Related Stress During the NICU Hospitalization As Table II shows, the mean of pain-related stress total index was 67 procedures, indicating a wide range in the number of painful procedures that preterm infants suffered during the period of the NICU hospitalization. The most frequent pain-related stress procedures experienced by the toddlers during NICU hospitalization were those that comprised the pain-related very stressful index, followed by procedures that included the pain-related slightly stressful index. The procedures that comprised the pain-related extremely stressful index were less frequent than the others one.
Temperament of Toddlers and Mothers, and Attention and Externalizing Behavior Problems of Toddlers
As shown in Table III , the temperament of the toddlers born preterm presented a higher mean score on the Surgency factor, followed by Effortful Control and Negative Affectivity factors. Concerning the temperament of the mothers, Orienting Sensitivity factor presented the higher mean score, followed by Surgency, Effortful Control, and Negative Affectivity factors.
A descriptive analysis of externalizing behavior problems of CBCL 1.5-5 showed that 31 toddlers (50%) presented normal, 7 (11%) revealed borderline, and 24 (39%) presented clinical classifications. Focusing specifically the attention problems, the most of the sample presented normal classification; 38 The Table IV presents the correlations between the factors of temperament of toddlers and mothers and toddlers' behavior problems. Regarding the toddlers' temperament, low Effortful Control, and high Surgency were significantly correlated with both externalizing behavior problems and attention problems. Moreover, high Negative Affectivity was significantly correlated with externalizing behavior problems.
Concerning the mothers' temperament, high Surgency and Negative Affectivity were significantly correlated with both externalizing behavior problems and attention problems, in toddlers born preterm. Furthermore, mothers' low Effortful Control was correlated with toddlers' externalizing behavior problems. Table V shows that 21% of the variability of the toddlers' attention problems was explained by high painrelated stress total index during NICU hospitalization, toddler's temperament with low Effortful Control, and mothers' temperament with high Surgency, after controlling for sex, length of stay in the NICU, and age of toddlers (p < .005). The predictors showed independent effects on the attention problems outcome, with no moderating effect of the toddlers' and mothers' temperament. Table VI presents that 44% of the variability of the toddlers' externalizing behavior problems was explained by toddler's temperament with high Negative Affectivity and low Effortful Control, and mothers' temperament with high Surgency, after controlling for sex, length of stay in the NICU, and age of toddlers (p < .0001). The neonatal pain-related stress index was not significant predictor of the broadband scale of externalizing behavior problems.
Prediction Model of the Attention Problems Outcome of Toddlers Born Preterm
Discussion
The findings of the present study showed that neonatal pain-related stress, taken together with the personal dispositional traits of temperament in toddlers and mothers, were directly and specifically associated with attention problems, and not with all externalizing behavior problems in toddlers born preterm. High neonatal pain-related stress total index, associated with toddler's temperament with less Effortful Control, and mother's temperament with high Surgency explained the attention problems. Differently, the broadband scale of externalizing behavior problems was explained exclusively by toddlers' temperament with high Negative Affectivity and low Effortful Control, and mothers' temperament with high Surgency.
Our results on the impact of neonatal pain-related stress on attention problems of children born preterm were in the same direction as the findings on the adverse effects of neonatal pain on the development of physiologically immature infants, when there is strong development of brain microstructure and networks, and the programming of the HPA axis (Finken et al., 2017; Grunau, 2013; Valeri et al., 2015) . In addition, greater neonatal pain-related stress was associated with lower cortisol levels, which was later associated with attention problems in children born preterm at 7 years of age (Brummelte et al., 2015) . The association of neonatal pain and behavior problems was well established. Nevertheless, our study adds two relevant aspects in the literature. First, we found that the neonatal pain-related stress experience during NICU hospitalization affected specifically on the attentional problems at toddlerhood. Second, we advance on the understanding of the dispositional traits of temperament in these relationships; the detection of these early precursors in children and mothers for attention problems in toddlers born preterm could provide evidence for preventive intervention at early ages. Beyond the adverse environmental impact of pain stressful events in NICU, the dispositional traits of temperament contribute to better understand the attention problems outcomes in immature preterm children. In the present study, the temperament of preterm toddlers with low Effortful Control was predictor of attention problems. The Effortful Control of temperament is responsible for the developmental regulation process, reflecting the ability to react and to inhibit individual responses with voluntary regulation of thoughts, emotions, and behavior responses (Rueda, 2012; White et al., 2012) . The mature attention flexibility system is composed of focusing and shifting attention and inhibitory control, which are the main components of Effortful Control, allowing temperament regulation in child development (Putnam et al., 2006) . Toddlers with low Effortful Control presented poorer self-regulation ability (Rothbart & Rueda, 2005) , which is directly related to attention control (Bridgett, Burt, Edwards, & Deater-Deckard, 2015) . The orienting capacity of temperament emerges around the end of the first year of life, along with the maturation of brain structures related to the executive attention network (Rueda, 2012) , with a rapid development of Effortful Control between 2 and 7 years of age, especially at preschool age (Rothbart, Ellis, Rueda, & Posner, 2003) . Then, temperament dispositional traits underlie the typical developmental regulation mechanism of attention and emotional and behavior control, which, in turn, is associated with child responses to environmental demands. Our results demonstrated a poorer self-regulation, characterized by low effort control, affecting attention problems. The executive attention is a relevant component of the Effortful Control of temperament (Rothbart, Sheese, & Posner, 2007) . The anterior attention system plays a major role in the resolution of conflict by regulating other brain networks . Later, as a consequence, children could present an inability to handle complex tasks and metacognition, as part of the executive function system, as noted previously by Best and Miller (2010) .
The present study also predicts the attention problems outcome at toddlerhood in preterm infants, examining neonatal pain-related stress and the toddlers and the mothers' temperament factors simultaneously. The mothers' temperament with high Surgency, taken together with toddlers' temperament with low Effortful Control and pain-related stress during the neonatal phase, was directly associated with attention problems. High Surgency revealed a behavior pattern with a rapid approach to potential rewards and a high reactivity level and relative discomfort in new social contexts (Evans & Rothbart, 2007) . The mothers' temperament could influence the children's behavior, increasing or decreasing the risk factors related to the development of preterm infants, depending on the parenting educational practices that they adopted (Bates, Goodnight, Fite, & Staples, 2009) . Mothers' temperament is also a potential coregulation factor of child behavior, with a direct effect on vulnerable and immature preterm children, who suffered pain-related stress in the neonatal phase and present poorer developmental self-regulation including low Effortful Control in temperament.
In conclusion, the present study advances the understanding of the impact of neonatal pain experiences, and toddlers and mothers' temperament characterized by poorer self-regulation on attention problems in toddlers born preterm. Our results are a good starting point for exploring the possible mechanisms of the neural network that is affected by neonatal pain, which, in turn, is affected by the deregulation of the attention system in preterm infants.
Additionally, the immature preterm neonates depend on the special care context for to survive and to regulate their biobehavioral system. The developmental care in the NICU, as well as the follow-up programs after discharge are recommended to protect the early development of preterm infants. The follow-up of preterm development should include preventive intervention to promote more regulated temperament of the mother-child dyads aiming to prevent attention problems. The preventive intervention throughout infancy and toddlerhood could promote the "goodness of fit" (Thomas & Chess, 1977) , which is an adjustment with a direct match between children's and parents' temperament aiming for a good fit between the children's demands and caregivers' expectations.
The present study has some limitations. The generalizability of the present findings need to be carefully considered because of the convenience sample used in the study, which excluded the preterm infants with severe clinical conditions and neurological impairments (i.e., intracranial hemorrhage Grade III or IV) and showed a high rate of dropout. It is important to note that the loss of participants in the study happened mainly because of their dropping out of the follow-up program and to their lack of attendance in the dayassessment appointment. The sample could be small to find moderating effects. Toddlers' temperament and attention problems were assessed only by mothers' report; the adoption of multiple informants may reduce potential bias during data collection. Furthermore, there was no pain assessment of the preterm infants during the NICU hospitalization using direct observation of the biobehavioral responses during pain procedures; an indirect pain measure was evaluated by painrelated stress index recorded in the medical and nurse charts, which could be underestimated.
Future studies should assess the impact of protective strategies for neonatal pain relief in the NICUs (e.g., sweet solutions, breastfeeding, nonnutritive sucking, skin-to-skin contact, and facilitated tucking), taken together with temperament traits on attention outcome of preterm infants. In addition, children born preterm could be followed through the school-age period to identify the impact of plasticity on the development of these children, or their continuing of early attention difficulty indicators. Further studies could examine the developmental sequences underlying the emergence of attentional focusing and shifting abilities in preterm infants exposed to a painful and stressful environment.
